This study aims to evaluate the effects of spices essential oils (SEOs) on the microbial populations in chilled pork stored in PE film antimicrobial package. The microbiota from the pork under different storage conditions were studied by Polymerase Chain Reaction-Denaturing Gradient Gel Electrophoresis (PCR-DGGE) of the V 3 variable region of the 16S rRNA, followed by sequencing of DGGE fragments. We found that SEOs resulted in an overall significant reduction of viable counts of Gram positive bacteria such as Carnobacteria, Enterococcus sp., Staphylococcus sp. and Brochotrix thermosphacta compared to the control. A 2.5 log cycles reduction of enterobacteria was also identified compared to the control during storage, while SEOs had little effect on Pseudomonas sp. the total volatile basic nitrogen (TVBN)and Thiobarbituric acid reactive substance(TBARS) were affected by the use of SEO packages, but color (L*, a*, b*), shear force and cooking loss were not affected. The bacteriostatic effect of clove EO was the best among all the SEOs tested, and the number of spoilage populations decreased with the use of the SEOs, but the species diversity of spoilage microbiota was not affected.
Introduction
Chilled pork is the mainstream meat for human consumption, and its proper preservation is essential. During the prolonged storage time, the spoilage-related microorganism may inevitably develop in the chilled pork, therefore it is critical to enhance the antispoilage storage condition to minimize such unwanted microbial development. Currently, numerous synthetic anti-microbial reagents are being used for this purpose, however these antimicrobial agents are of various drawbacks including chemical stability, toxicity and limited effectiveness. Another issue in the recent antimicrobial research of meat preservation is that most investigators are focusing on the comparisons between viable counts of spoilage microbial groups, however the type and time of the spoilagemicroorganism development are not well examined. Certain microorganism taxa may be differently influenced by the PE film package with the addition of anti-microbial reagents, but others may develop unpredictably during storage depending on the time and type of spoilage microorganisms. Moreover, within each spoilage microbial group, it is critical to also understand which species are actually involved in the spoilage of meat and how they can interact with other species (Gram et al., 2002) .
Recently, the spices essential oils (SEOs) have emerged as completely natural alternative antimicrobials reagents in the food industry. In particular, rosemary EO, angelica root EO and clove EO are among the popular ones being actively investigated for their characteristic antimicrobial effects. These different SEOs were found to target different microorganisms. The rosemary EO was found to inhibit the growth of gram-positive (Bacillus and Staphylococcus sp.) and gram-negative (Campylobacter and Salmonella) bacteria (Klančnik et al., 2009) . Nykanen et al. compared the composition of various supercritical extracts of angelica root with steam distilled and subsequently liquid-liquid extracted angelica root oil. The antimicrobial components identified in clove EO was eugenol, which was found to have antibacterial activity against Listeria monocytogenes, Staphylococcus aureus, Pseudomonas aeroginosa, P. putida, Alcaligenes
The diameter of inhibition zone (IZ, mm) was measured to the nearest millimeter. Each experiment was done in triplicate.
Determination of the minimum inhibitory concentration The serial dilution assay was used to determine the minimum inhibitory concentrations (MICs) according to the standard procedure described by Jorgensen et al. (Hoque et al., 2008) . 100 μL of Mueller-Hinton broth (MHB) were added into each well of a microtiter plate. The 100 μL aliquot of stock solution of crude essential oil (400 mg/mL) was added, then two fold serially diluted with MHB. The inoculum suspension (10 μL) of each bacterial strain was then added into each well containing crude essential oil and MHB. Different amounts of the essential oils (8, 4, 2, 1.5, 1, 0.6, 0.3, 0.2, 0.15, 0.10, 0.05) were added to the broth cultures (100 μL) to get the final concentrations of 8 %, 4 %, 2 %, 1.5 %, 1 %, 0.6 %, 0.3 %, 0.2 %, 0.15 %, 0.10 %, and 0.05 %. The negative and positive controls were also performed using 10 % DMSO and penicillin G with the concentration of 50,000, 5,000, 500, 50, 5, 0.5, 0.05, and 0.005 unit/mL, respectively. Triplicate wells were run for each concentration of spice essential oils. The plates were incubated at 37℃ for 24 h, and then measured at 620 nm using the 96 microplate reader. The lowest concentration that inhibited visible growth of the tested organisms was recorded as the MIC.
PCR-DGGE Sampling Pork loin steaks (about 350 g) were removed from Chun Ran meat plant at 24 h post-mortem. The SEOs (rosemary, Angelica Root and clove) was added onto the surface (inside) of the polyethylene (PE) film using a micropipette, to achieve a final 0.1 % (v/w) EO concentration. The pork steaks were cut into seven pieces, each 50 g, packaged with the treated PE film. All the pork steaks were stored at 4℃ for another 2, 4, 7 days, respectively.
Sample dilution and DNA extraction Twenty-five grams of meat sample was diluted in 225 mL sterile saline. Ten milliliters of dilution was centrifuged for 3 min at 500 rpm at 4℃, then the supernatant was centrifuged for 3 min at 12,000 rpm at 4℃ and the sediment was used for further analysis. The sediment was suspended in 180 uL lysozyme (20 mg/mL) and the bacterial DNA was extracted using GenElute Kit (Bacterial Genomic DNA Kit, Tangen, China) according to the manufacturer's instructions. DNA solution was estimated by agarose gel (1.0 %, containing ethidium bromide) electrophoresis.
PCR Primers GC357f: CGCCCGCCGCGCGCGGC GGGCGGGGCGGGGGCACGGGGGGCCTACGGGAG GCAGCAG, 517r: ATTACCGCGGCTGCTGG contained GC clamp and were used to amplify the V 3 region of the bacterial 16S rRNA gene. PCR reaction system (25 µL) infaecalis, Aeromonas hydrophila, Escherichia coli, Micrococcus luteus, Bacillus subtilis, Klebsiella pneumoniae etc. in various agar mediums (Mytle et al., 2006; Hoque et al., 2008; Zhang et al., 2009) . Given these intriguing preliminary investigations of antimicrobial effects of SEOs, their effects on the microbiota in the chilled meat packaged with PE films have not been extensively studied; in particular it is unclear which species are influenced by the use of the SEOs. For this purpose, we decided to assess the microbial diversity using advanced molecular tools such as denaturing gradient gel electrophoresis (DGGE) to evaluate PCR-amplified 16S rRNA gene fragment of the microbiota in the chilled pork with various SEO packagings. This DGGE-PCR method was proven, by Muyzerl, (Muyzer et al., 1993) able to overcome the limitation of traditional cultivation methods, and it was effective to analyze microbial diversity and identify microbial communities (Gurtler et al., 2002) . Recently, this technique has been successfully used in fields of environmental science (Yin et al., 2007; Shen et al., 2010; Lai et al., 2006; Winter et al., 2009; Winter et al., 2008) ; medicine (Zehra et al., 2010) and food industry to monitor microbiota in sausage (Luca et al., 2004; Cecilia et al., 2005; Albano et al., 2008) , cheese, milk, and chilled pork (Ana et al., 2006; Elena et al., 2009; Li et al., 2006) .
Materials and Methods
Spices essential oils preparation The fresh and airdried roots of rosemary, clove, angelica were collected from Anhui provinces in china. The species was identified, and the voucher specimen was deposited at School of Biotechnology and Food Engineering, Hefei University of Technology.The small pieces of spice materials (300 g) were placed in a flask (2 L) together with distilled water (1 L). After steam distillation, the 100% pure essential oils were collected, dispensed into dark bottles, and stored at 4℃ until use. The stock solutions of crude ethanol extracts and essential oils were ready to use for disk diffusion test and determination of minimum inhibitory concentration (Suree and Pana, 2005) .
Determination of the diameter of the inhibition zone Disk diffusion method was performed to determine the diameter of the inhibition zone, as described by Sacchetti and Girova1 et al. according to the NCCLS recommendations. The petri dishes (d = 90 mm) containing solidified MuellerHinton agar were inoculated by swabbing 0.1 mL of the inoculums. Sterile paper disks (d = 6 mm) were soaked with 10 μL of crude essential oil and placed on the inoculated surface of Petri dishes. A 10 μL of 10 % DMSO was also added to a sterile paper disc and used as a negative control, whereas a disc including 10 μg amoxycillin was added in the plate as a positive control, and then was incubated at 37℃ for 24 h.
Distillation was used in TVBN determination, with drag steam, of a 2 g sample homogenized in 50 mL distilled water with 0.2 g of MgO and 1 mL of isopropyl alcohol. The distillation was performed in semi micro-distillation apparatus and the distillate was titrated with 0.01 N HCl.
Thiobarbituric acid reactive substance (TBARS) determination TBARS was determined in accordance with the method of Vynke, 1970] . Sample (5 g) was suspended in 10 mL of 5 % (w/v) trichloroacetic acid and 500 mL of butylhydroxytoluene (10 mg/mL). The mixture was centrifuged at 4500 rpm for 20 min and the supernatant was made up to 25 mL. 2 mL were removed and mixed with 2 mL thiobarbituric acid (20 mM) and heated at 94℃ for 1 h. The absorbance was measured at 525 nm with a 721E spectrophotometer (Guangpu, Shanghai). TBARS was calculated from the standard curve of malonaldehyde and expressed as mg malonaldehyde/100g sample.
Spoilage microbial counts Samples (25 g) stored for 7 days were chopped and homogenized in 225 mL sterile saline for 2 min at room temperature. Decimal dilutions were prepared and aliquots of 0.1 mL of the appropriate dilutions were spread in triplicate on the following media: Plate Count Agar (PCA, Oxoid) for Total counts incubated at 20℃ for 48 h; Violet Red Bile Dextrose Agar (VRBDA, Oxoid) for the Enterobacteriaceae, incubated at 30℃ for 48 h under anaerobic conditions; STAA medium (Oxoid) for Brochothrix thermosphacta, incubated at 20℃ for 48 h and Pseudomonas Isolation Agar (Oxoid) for Pseudomonas.spp, incubated at 25℃ for 48 h., Enterococcus faecalis Agar (Oxoid) for enterococcus, incubated at 35 °C for 24 h., Staphylococcus Selective Agar (Oxoid) for Staphylococcus sp., incubated at 37℃ for 48 h (Danilo, Ilario and Antonietta, 2010) . Results were calculated as the means of Log counts for three determinations.
Results
Microbial analysis and meat storage life All the targeted microbial populations were affected by the use of the spices essential oils antimicrobial package even though the effectiveness varied. At the end of the storage time the total viable microbial counts in the chilled pork stored in different spices essential oils (SEOs) packages was 2.3 − 2.5 log cycles lower than the control. B. thermosphacta had an initial load of 10 2 CFU g -1 in control samples and it increased to 10 4 CFU g -1 , in contrast, in cuts stored in SEO packages, B. thermosphacta resulted in uncountable for 7 days and displayed a final load lower than 10 2 CFU g -1 after 7 days.
Carnobacterium spp. in control samples started to grow only after 4 days of storage and reached values of 10 4 CFU g -1 after 7 days while the same population in chilled pork stored in cluded 10 uL of master mix, 1 µL of primers GC357f and 517r (5 pmol), 2 µL of DNA dilution (approximately 1 ng), 39.75 mL of 11 µL ddH 2 O, and it was programmed with: 94℃ for 3 min, 94℃ for 1 min, 65℃ for 1 min, 72℃ for 1 min, annealing temperature dropped 1℃ every two cycles until 55℃, annealing temperature 55℃ for 4 cycles again, extension at 72℃ for 10 min, 4℃ forever. Then recondition PCR was programmed with: 94℃ for 3 min, 94℃ for 1 min, 55℃ for 1 min, 72℃ for 1 min, for 6 cycles, 72℃ for 10 min, 4℃ forever. DGGE protocol Briefly, a 6 − 12 % polyacrylamide gel (acrylamide: bisacrylamide 37.5:1) containing a denaturing gradient of 38 − 48 % urea-formamide was electrophoresed at 200 V for 10 min, and then at 150 V for 6 h at 60℃. DGGE gel was stained with SYBR green I for 15 min, and then soaked in ddH 2 O for 20 min for further analysis.
Similarity analysis The distinct bands co-migrating with that of the original sample on the SYBR green I-stained DGGE gel were excised and placed in 1.5 mL tube to retrieve the DNA, and amplified with the primer without the GC clamp as previously described. PCR products were quantified by electrophoresis on an agarose gel (1.0%), purified and sent to Sheng gong Company (Shanghai, China) for cloning. Five positive clones for every band were sequenced. Sequences were aligned with those in GenBank using the BLAST program to determine the closest known relatives of the partial 16S rRNA gene sequences obtained, selected the different sequencing results as the result of every band.
Meat quality of chilled pork Meat color measurement (L*, a*, b*) Before measurement, samples of different packaging were bloomed in the air for 10 to 15 min. Five measurements were performed on each sample. Color parameters were measured using a colorimeter. The colorimeter was standardized before using. The following color parameters were determined: lightness (L*), redness (a*) and yellowness (b*).
Cooking loss and shearing force test of cooking meat Samples were independently placed inside polyethylene (PE) bags and cooking in a water bath at 80℃ until an internal temperature of 70℃ was reached. During cooking, the internal temperature was monitored by a portable needle-tipped thermometer. The cooking pieces were cooled, then taken from the bags, dried with filter paper and then weighed. The cooking loss was expressed as the percentage weight change before and after cooking. Six 12.7-mm-diameter cylindrical cores parallel to the muscle fiber orientation were removed from each piece. A single, peak shear force measurement was obtained for each core using a Warner-Bratzler meat shear machine.
Determination of the total volatile basic nitrogen (TVBN)
g -1 after 7 days, and Pseudomonas sp. grew in control pork samples showed almost 10 7 CFU g -1 at the end of the storage, but were kept 0.9 − 1.3 log cycles higher than different SEO packages; the viable counts of Staphylococcus sp. in control samples increased from 10 2 to about 10 4 CFU g -1 during the whole storage time while the Staphylococcus sp. population was dramatically reduced with the use of different SEO packages in the first 7 days of storage and the load was also kept to lower than 10 3 CFU g -1 at the end of the storage. The results of the sensory evaluation showed that the chilled pork cuts packed with or without SEO packages remained acceptable for the first 7 days of storage (data not shown).
different SEO packaging was uncountable for the first 4 days and displayed a final load of 10 2 CFU g -1 after 7 days at the end of storage; and in control samples Enterococcus sp. also began to grow only after 4 days of storage and reached 10 2.7
CFU g -1 while the same population in chilled pork stored in different SEO bags was uncountable for the first 4 days and displayed a final load of less than 10 2 CFU g -1 after 7
days. In control pork samples Enterobacteria showed viable counts nearly 10 6 CFU g -1 after 7 days of storage. However, when the different SEO packages were used, enterobacteria were almost 2.5 log cycles lower than the control during the whole storage time with a final load of about 10 3 CFU g.-Q. LIu et al. the control samples at day 2 (Fig. 1, Table 2 ). The treated sample with rosemary EO packages only showed three bands indistinctly compared with the control sample on second day. The treated samples with angelica root and clove EO packages only showed one band. On the fourth day, the control only showed one band identified as Pseudomonas sp., while the other groups showed one or two indistinct bands. On the seventh day, control group showed four bands clearly identified as Acinetobacter sp., Pseudomonas putida, fluorescens, Enterococcus faecium, Staphylococcus sp., Lactobacillus sp., Enterococcus faecium, Enterobacteriaceae. The group treated by rosemary, Angelica Root essential oils showed mainly two indistinct bands, the group treated with clove extract only showed one indistinct band. The number of bands cannot represent the amount of microbe kinds, because the quantities of some microbe in sample for loading maybe not reach the quantities what were showed, it can see from the data in Table 2 .
Determination of the meat quality
Identification of microbial species The PCR-DGGE electrophoretogram obtained from DNA extracted of the chilled pork was shown in Fig. 1 , and the sequencing results are shown in Table 2 . The microbial profiles in the meat showed significant changes between control and samples with different SEO packages (Fig. 1) a Bands from number 1 − 10 are indicated in Fig. 1 . b C, control sample; R: rosemary, G: Angelica Root, L:clove c When the sequence showed the same homology with more than 3 species of Pseudomonas, the result was reported as Pseudomonas spp. Cooking loss The cooking loss in all samples varied between different packages and different sampling days but overall it increased slightly. The values for 2, 4, 7 day were not affected dramaticlly by the use of SEO packages. There was no significant difference between controls and samples with different SEO packages for 2, 4, 7 day.
Total volatile base nitrogen (TVB-N) Total volatile base nitrogen (TVB-N) content in control samples increased during the first 4 days of storage. the TVB-N content of the chilled samples increased continuously meanwhile the TVB-N content of control samples exceed 20 mg/100 sample on day 7 of storage. The samples with SEO packages did not increase at a high rate.
TBARS The use of SEO packages affect (p < 0.05) TBARS significantly (Table 3) . By 7 d storage, TBARS for the control samples were higher than the samples with the use of SEO packages at 4 d storage and this level increased through 7 d storage (p < 0.05) (Tables 3). There have no significant differences among samples with different SEO packColor L* values were not affected by the use of SEO packages (p > 0.05). The control samples for 4 and 7 days were little darker compared to samples with the use of SEO packages stored at 4℃. The a*-values decreased to 4 d, and this value was maintained through 7 d storage (p > 0.05) (Table 3) , the control samples for 4 and 7 d were lower compared to samples with the use of SEO packages stored at 4℃, these values were not also affected (p > 0 05) by the use of SEO packages (Table 3) . Color b*-values were little higher for the control samples stored at 4℃ than the samples with the use of SEO packages (p > 0.05) (Table 3) , the use of SEO packages didn't affect significantly b*-value (p > 0.05) ( Table  3) .
Shear force Kramer shear force was not affected (p > 0.05) by the use of SEO packages (Table 3) . However, this response peaked at day 3 of storage (4.58 kg) and declined by day 7 for the control samples (2.63 kg) (Table 3) , the values were not affected significantly by the use of SEO packages (Table 3) .
g.-Q. LIu et al. essential oil showed less pronounced effects, with MIC 6 or 10 times higher than those of Clove essential oil and they displayed specific narrow-spectrum activity only against Enterobacteriaceae with a 0.10 % MIC. Similar results were observed against S. aureus (S1) and Pseudomonas sp. (P1) (0.10 %, 0.3 %). Enterobacteriaceae (E1), S. aureus (S1) were the most sensitive strains, as their MIC were the lowest in most cases.
Discussion
In this study, we investigated the effects of the storage conditions with the use of an antimicrobial packaging added with SEOs from rosemary, Angelica Root or clove, to reduce the number and species of microorganisms acting as spoilage agents in the chilled pork. We successfully purified SEOs solution and spread on the internal surface of PE tray used for meat packaging and employed the SEOs in order to develop the optimal antimicrobial packages that we can use for the storage of meat at 4℃ Antimicrobial activity of the plastic film for food packaging (Mauriello et al., 2005) against Micrococcus luteus ATCC 10240 in tryptone soya broth (TSB) and the microbiota of raw milk during storage, Antimicrobial activity of whey protein based edible films incorporated with oregano, rosemary and garlic essential oils against S. enteritidis, E. coli O157:H7, L. monocytogenes and S. aureus. (Seydim and Sarikus, 2006) . The activity of cinnamon or oregano essential oils (EOs) incorporated in Antimicrobial plastic films was evaluated against Escherichia coli and S. aureus ages. The value peaked at day 7 of storage (1.05 mg/mL) for the control samples, exceed 1.0 mg/mL.
Antimicrobial effects Results from the antimicrobial disc-diffusion assay are summarized in Table 4 . Most of the essential oils showed a moderate inhibiting activity against the tested strains. Diameter of Inhibition and Minimal Inhibitory Concentration data for Rosemary essential oil, obtained by the agar and broth dilution methods are given in Table  4 . Using agar dilution, the MICs of Rosemary essential oil for the control isolates Enterobacteriaceae (E1), S. aureus (S1) and Pseudomonas sp. (P1) were 0.6 %, 0.3 % and 0.6 %, diameter of inhibition cycle were 19.7 ± 0.78mm, 18.9 ± 0.24mm, 15.8 ± 0.17mm, respectively; the MICs of Angelica root essential oil were 1.0%, 1.5%, 1.5%, diameter of inhibition cycle were 10.9 ± 0.23, 9.1 ± 0.21, 9.6 ± 0.39, respectively; the MICs of Clove essential oil were 0.10 %, 0.10 %, 0.30 %, diameter of inhibition cycle were 28.4 ± 0.57 mm, 26.6 ± 0.36 mm, 22.7 ± 0.28 mm, All inhibited Enterobacteriaceae (E1) , S. aureus (S1) and Pseudomonas sp. (P1) at concentrations of ≤ 2.0 %, at diameter of inhibition cycle of ≥ 9 mm; In particular, the essential oils of Rosemary and clove showed good effect and the broadest spectrum activity, even though the antimicrobial activity of Rosemary and clove oil has been reported several times, mostly against Escherichia coli, L. monocytogenes and salmonella, its activity against Pseudomonas sp., Enterobacteriaceae, Lactic acid bacteria and Brocithrix thermosphactaz was rarely investigated. On the other hand, Rosemary and Angelica root Antimicrobial SEOs in Chilled Pork . For ease of comparison these have been converted to % (v/v), whereby it was assumed that EOs have the same density as water.
2002); MIC/MICs of Clove EOs against L. monocytogenes was 0.2 (Smith-Palmer et al., 1998) , against Escherichia coli were 0.4 − 2.5 (Hammer et al., 1999; Farag, Daw et al., 1989; Smith-Palmer et al., 1998) , against Staphylococcus Aureus were 0.4 − 2.5 (Hammer et al., 1999; Farag et al., 1989; Smith-Palmer et al., 1998) .
Spice essential oils, added at suitable concentrations, did not change the sensory properties (color, taste or flavor) of the food matrix in which they are incorporated as supplement (Reglero et al., 2008) . In a previous work, Ponce (2004) concluded that there are no variation in the sensory parameters during the storage treated with sprayed oils and untreated leaves by different essential oils application on Swiss chard leaves (Ponce et al., 2004) .
In conclusion, the spice essential oils antimicrobial packages have been proved to be effective in enhancing the quality of chilled pork cuts by inhibiting carnobacteria, Enterococcus sp., lactic acid bacteria, Staphylococcus sp. and Brochotrix thermosphacta and LAB enterobacteria in the early stages of storage by reducing the loads of Enterobacteriaceae. Positive effects were observed on some physical and chemical properties. The SEOs also delayed the values of pH, TVBN, POD activity and TBARS, and didn't affect the sensory properties of chilled pork at storage, thus the spice essential oils antimicrobial packages were feasible for food industry.
Conclusion
In conclusion, the results showed SEO packages have positive effects on the inhibition of microbial growth, also on the meat quality except color, shear force and cooking loss. The bacteriostatic effect of clove EO was the best, and the number of spoilage populations decreased with the use of the SEOs, but the species diversity of spoilage microbiota was not affected.
(Becerril, Gómez-Lus, Goñi, López, Nerín). Antibacterial activity of soy protein edible films (SPEF) was evaluated against Escherichia coli, E. coli O157:H7, Staphylococcus aureus, Pseudomonas aeruginosa and Lactobacillus plantarum (Zehra et al., 2010) . With no doubt, addition of SEOs to the packaging showed considerable antimicrobial effects on all the surface microbiota. Other SEOs-activated plastic films have been developed and proven to be useful to inhibit undesired food-related bacteria (Mauriello et al., 2005; Chi et al., 2006; Du et al., 2008) .
The use of the SEOs in antimicrobia packages clearly showed effects. In fact, compared with the control group, the antimicrobial package delayed the growth of Staphylococcus sp. Surprisingly, the antimicrobial packaging also showed effect on the Gram negative populations (Danilo et al., 2010) , reducing the loads of enterobacteria from almost 2.5 log cycles compared to the control, but the SEOs antimicrobia packaging showed little influence on Pseudomonas spp.
We also examined the SEO effects on the species diversity in the antimicrobia packaging in the chilled pork. The PCR-DGGE method was proven effective in other studies to assess the spoilage microbiota of chilled pork during storage (Li et al., 2006) , and to assess the spoilage microbiota of beef at 1℃ and the use of an antimicrobial packaging activated with a solution of HCl/EDTA containing nisin (Danilo et al., 2010) .
In this research, the overall result spring from PCR-DGGE analysis of DNA extracted from chilled pork showed that the species diversity with and without the use of the antimicrobia package did not change significantly. Although there was an obvious effect with the use of the antimicrobial packaging on the loads of the spoilage populations during storage, this influence did not affect the species diversity developing during the storage at 4℃.
The antimicrobial effects of different SEOs against spoilage organism were estimated by the Diameter of Inhibition cycle (mm) and Minimal Inhibitory Concentration. M. R. Moreira reported that the essential oil with the lowest MIC was clove (0.25 mL/100 mL, 0.25%) (Moreiraa et al., 2005) . This fact was in agreement with the results in our experiment. On the other hand, Hammer et al. (1999) analyzed the essential oils effects on Escherichia coli, and found MIC values similar to our results (clove 0.25, rosemary 0.9 /100 mL) (Hammer et al., 1999) . Rosato et al. (2007) reported MIC of Rosmarinus officinalis against Staphylococcus aureus was 1.40-11.20 mg/mL (Rosato, Vitali, De Laurentis, Armenise and Antonietta, 2007) . MIC/MICs of Rosemary EOs against Escherichia coli were 4.5 − 10 (µL/mL), against Staphylococcus aureus were 0.4 − 10 (µL/mL) (Hammer et al., 1999; Farag et al., 1989; Smith-Palmer et al., 1998; Pintore et al., 
